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5 Analysis of thermostat control 
in dutch dwellings: occupants’ 
behavioral profiles 
Introductory note
In the previous Chapter we made a sensitivity analysis based on actual energy 
consumption and heating behavior, on the whole OTB sample using methods like 
Markov chain and Monte Carlo analysis. In this Chapter (Chapter 5) a deeper analysis of 
heating behavioral patterns is reported. The study included 61 houses randomly chosen 
from the Netherlands, monitored for 2 months during March and April 2011. The 
thermostat use patterns of households were studied as well as chosen maximum and 
minimum set points each day for the whole sample. Then these patterns were correlated 
with the household and dwelling characteristics of the sample. Unfortunately, the 
collected energy consumption data for this sample was not reliable to be included in the 
analysis. 
This Chapter deals with the Research Question III-1 of this thesis: 
(Chapter 1, Section 3, pg. 16-17) 
“ III. What are the behavioral patterns and profiles of energy consumption? 
The sub-question is:
What are the behavioral patterns of thermostat control? How do they relate to the 
household characteristics, revealing behavioral profiles?”
The research reported in this Chapter was conducted by Bedir, borrowing the dataset 
of Sonja van Dam. The data was collected through monitoring, by and for Sonja van 
Dam for her PhD research, using ENECO’s means of data collection. The analysis in 
this Chapter was done, and the paper was written by Bedir. The co-author has given 
permission to include this research in this thesis. 
This chapter is being prepared to be published as a scientific journal article. It was 
formerly published as a conference paper:  
Bedir, M. Van Dam, S. (2013) Analysis of Thermostat Control Behavior in Dwellings: 
Evidence from monitoring in the Netherlands. Plea 2013, Proceedings of 29th 
Conference of Sustainable Architecture for a Renewable Future, Germany (CD)
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§  5.1 Introduction 
Heating energy consumption has the largest share in energy consumption of dwellings 
in the Netherlands. As the total yearly electricity consumption of Dutch dwellings 





focused on improving thermal characteristics of the dwelling envelope, as well as the 
efficiency of systems and products. However, expected energy performance levels are 
not achieved, and significant energy consumption differences are observed in similar 
buildings. Occupant behavior is claimed to be one of the reasons for this variation 
(Jeeninga et al., 2001; Branco et al., 2004; Linden et al., 2006; Haas et al, 1998).
National programs on stimulating occupant behavior towards less use of heating 
energy have been put into effect, in addition to the several bottom up public and private 
initiatives (Jeeninga et al., 2001, and Guerra Santin et al., 2010). In addition, several 
studies have claimed that households can achieve more energy savings by changing 
occupant behavior (Papachristos, 2015; Ouyang et al., 2009; Wood et al., 2003; 
Darby, 2014; Røpke, 2012). Therefore, it is important to analyze the share of occupant 
behavior in energy consumption in detail.
Guerra Santin’s study (2010) on the relationship between occupant behavior and 
heating energy consumption in dwellings reveals that the most important factor in 
energy use is the hours that the thermostat is at the highest chosen setting of the 
day. Following is the number of hours that radiators are turned on, and the number 
of bedrooms used as living area. These results go in-line with the findings of Jeeninga 
et al., 2001; Haas et al., 1998; Linden et al., 2006; Hirst et al., 1985; Harputlugil and 
Bedir, 2016. In existing research, factors related to energy conservation in dwellings 
have been identified, as well as the occupant characteristics that are related to 


















































1 Total energy consumption (Pj/years) 2 Gas use in Dutch dwellings (m3/years)
FIGURE 5.1 Dutch averages for energy consumption and gas use





behavior are further explained as the retrospective methods of data collection by 
the energy companies, the assumed usage patterns of systems and appliances in 
most calculation tools, the uncertainties in collecting and analyzing data, and the 
issues of energy performance gap (Guerra Santin, 2010; Dasa Majcen, 2016). More 
detailed investigation of thermostat control behavior is needed, in terms of the chosen 
temperature setting, the duration of the chosen temperature setting, but also how 




of research is small, and the resolution of data on occupant behavior is still rather low.
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questionnaire. This leads to determining the behavioral profiles. The paper also 
evaluates monitoring as a methodology for understanding the relationship between 
occupant behavior and energy consumption. The research covers data from 61 





The methodology of this research includes a descriptive analysis of thermostat control, 













behavior data could lead to more accurate prediction of energy consumption in 
dwellings, as well as planning the targeted energy saving measures, and helping 
energy companies for better calculations. In addition, this research could provide 
more detailed and articulated input to further research and policy, which focus on 
motivating/encouraging individuals and households towards more energy efficient 
behavior. Defining behavioral patterns and profiles could provide significant input to 
product/systems design and architecture. 





§  5.2 Literature Review







on a literature review on modeling household energy consumption analyzed the 
engineering, economical, psychological, sociological and anthropological models 
of energy consumption in US. He proposed a new cultural model, which is built on 
“recognizable lifestyles or cultural forms”. In his work, these were classified under 
typologies such as retired working class couples, middle aged couples, low income rural 














showed that seniors, single residents and low-income households were less willing 
to apply energy saving measures at home, and the acceptability of these measures 
varied among different socio-demographic groups. Vringer’s work (2007) grouped 
households in the Netherlands according to income, age, education and household 
size. He found no significant differences in the energy consumption of groups of 
households with different value patterns, though he did establish that families that 
were least motivated to save energy used 4% more energy. 
Guerra Santin’s research (2010) on 319 dwellings about profiling household heating 
energy consumption revealed 5 groups according to the use of appliances, and heating 
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based on cross-sectional vs longitudinal data collection, and very few have combined 
the two. Our work contributes to the literature by combining the two, and deriving 
behavioral patterns and profiles, and linking them to each other. This might provide 
deeper insight into reasons and motivations of behavior, in addition to the possibility 
of understanding long term behavioral changes. Determining behavioral profiles using 
continuous actual data on behavior could lead to more accurate prediction of energy 
consumption in dwellings, as well as planning the targeted energy saving measures. 
In addition, this research could provide more detailed and articulated input about 
occupant behavior in product and systems design, and architecture.
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§  5.3 Methodology
§  5.3.1 Research Framework and Methods
In this paper, occupant behavior is considered as the actual behavioral patterns of 
thermostat control of the occupants. Patterns refer to a reliable sample of traits, acts, 





types of behavior and types of occupants. Types of behavior are named as behavioral 
patterns; types of occupants are named as behavioral profiles. This paper also presents 
an evaluation of monitoring as a method for understanding the relationship between 
occupant behavior and energy consumption.
In order to determine the thermostat control patterns, we analyzed the quantitative 





data is further explained in Sub-section 3.2.
The maximum and the minimum thermostat settings were analyzed for the whole sample 
during the months of March and April 2011. The main chosen thermostat set points, and 
the durations of these set points were clarified during the morning (06.00-12.00), day 
(12.00-17.00), evening (20.00-22.00), and night (22.00-06:00) of everyday. Repeated 
measures analysis was conducted to reveal if and how the thermostat set points change 
in different cases from day to day, during two months. As a second step, (agglomerative) 
hierarchical cluster analysis was applied on the sample to see how the cases group in 
terms of their thermostat control behavior. This means that, the clusters were set up first 
based on the change of thermostat set point during the two months, and secondly based 
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The main questions of this research are:
 – What are the thermostat control patterns derived by observing the long-term use of 
home energy management systems?
 – How do the maximum and minimum chosen thermostat settings change, in terms of 
the temperature, the time of the day, and the duration of the chosen setting?
 – Are there common temperature preferences for certain parts of the day? 
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§  5.3.2 Data Collection
Data was collected from 61 dwellings in the Netherlands, during March and April 
2011. The details of monitoring and questionnaire is explained in Table 1 and Figure 




of a monitoring study. 61 households were included in the monitoring. Participants 
for monitoring were selected under the condition of forming a distributed mix of the 
Dutch population in terms of age, gender and education. Additionally, they did not 
have specific affinity with energy consumption through their work. 
§  5.3.2.1  Monitoring




parts happened by means of z-wave, but a wireless router was also installed for 
communications with the energy provider and the manufacturer. All households were 
to receive the same hardware, although there were variations in the peripheral devices 
to fit the different types of meters installed. A visualization of the HEMS can be found in 




Monitored data was recorded with half a minute intervals. This data included 
thermostat set point temperatures, the time that thermostat set point was changed, 
the number of times that the thermostat screen was touched. Real time data on energy 
consumption was proved to be not reliable, therefore it was excluded from the analysis. 
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FIGURE 5.4 Multifunctional HEMS used to collect dataset 2





made energy related decisions in the household, energy saving measures, which 
time of the day/ daily activity thermostat control was related to, if the household had 
an understanding/awareness of their consumption, how much they followed their 




§  5.3.3 Limitations
45 households’ monitoring data was used over the sample size of 61. 8 households 
did not provide reliable data in March and April, and 8 cases for either March or April. 
Besides, 4 April and 12 April 2011 were the days that monitoring was problematic for 
all households. For minimum set point temperature, monitoring data of 19 and 21 
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April included outlier data. The measured energy consumption data by the HEMS was 
not reliable, therefore this study only explored thermostat control behavioral patterns, 
but could not research their relationship to energy consumption. Another limitation 




of monitoring were aware that their heating thermostat control behavior and energy 
consumption was being observed and recorded.
Group Parameter N  Mean SD
Thermostat use Number of set temperature change times 45 3.89 1.03
Number of thermostat control touch times 45 8.71 5.60
Monitored temperature day time (C degrees) 45 18.8 1.70
Monitored temperature night time (C degrees) 45 14.48 2.19
Reported temperature day time (C degrees) 45 19.94 0.96
Reported temperature night time (C degrees) 45 15.55 1.61
Household 
characteristics
Household size 45 5.25 1.25
Person decides on energy control in the house 45     3* 0.83
Gender 45     1* 0.42
Birth year 45 1973 9.95
Education 45     5* 2.24
Total income (Euros) 45     4* 1.05
Day/night energy tariff 45     1** 0.46
Dwelling 
characteristics
Dwelling size (m2) 45  110 38.2
Owned/rented house 45     1*** 0.35
Type of house 45     3** 1.25
TABLE 5.1  Descriptive statistics of parameters about thermostat use, household and dwelling characteristics, 
reported attitude and behavior, during the two months monitoring continued.
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I change the thermostat when I get up 45     1a 0.75
I change the thermostat before I leave the house 45     2b 1.37
I change the thermostat when I get home 45     1a 0.31
I change the thermostat before I go to sleep 45     1a 0.96
I check current temperature and time 45    Y: 40 N: 5
I adjust the temperature manually 45    Y: 34 N: 11
I set up a thermostat program 45    Y: 32 N: 23
I check electricity consumption 45    Y: 28 N: 27
I check gas consumption 45    Y: 28 N: 27
I set a saving target button 45    Y: 8 N: 37
The number of energy saving measures I take 45 53 1.33
I use ‘continuous’ button 45     2c .73
I use ‘not at home’ button 45     2c .83
I use ‘free day’ button 45     2c .69
I use ‘holiday’ button 45     2c .41
Notes: 








2b: once a week
2c: sometimes
TABLE 5.1  Descriptive statistics of parameters about thermostat use, household and dwelling characteristics, 
reported attitude and behavior, during the two months monitoring continued.





data analysis on 45 households is presented, i.e. times of thermostat change vs screen 
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FIGURE 5.6 The distribution of duration of maximum and minimum thermostat settings (hours/days)
§  5.4.1 Monitoring outputs of thermostat control, for the whole sample






in the evening, and at night were 17 C, 18.5 C, 17 C, and 15 C degrees, respectively. 
The duration of the chosen setting was on average 2 hours in the morning, 3:30 hours 
during the day, 4 hours in the evening, and 8 hours at night (Figure 8).
For the whole sample, the mean-maximum chosen thermostat set point was 21 C 























































§  5.4.2 Thermostat control patterns












the occupant remembers, and not the actual one. It is easier to remember the night 
time thermostat setting because it’s a single, continuous period of the day and not 














































A Repeated measures analysis
We applied repeated measures analysis for every household in the sample, for the 
chosen morning, day, evening, and night time settings and durations.
For 7 households, Mauchly’s test indicated that the assumption of sphericity was 
violated (X2(5)= 10.23, p=0.45). We did not make a correction for the degrees of 




March and April 2011.
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the sample of 38 houses based on the morning/day/evening/night set points and 
durations, and we used cluster analysis for this. 
B Hierarchical cluster analysis
We sought to build a hierarchy of clusters from the cases in the sample. We used 




















during the day, 21 C/ 15 C in the evening, and 18 C/ 10 C at night. The maximum and 
minimum durations for the chosen thermostat settings were between 3 and 5 hours 
in the morning, between 1 and 5 hours during the day, between 1 and 5.30 hours 
in the evening, and 8 hours at night. This group’s selected thermostat temperatures 
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evenings, and they preferred higher temperatures compared to the other two groups. 
We could follow a pattern for the morning, day, evening, and night thermostat settings, 
and a pattern of duration of chosen thermostat setting for the day and night time in 
this second group. The temperature preferences were between 16 and 21 C degrees 
in the mornings; between 16 and 20 C degrees during the day; between 16 and 19 C 
degrees in the evening, and at night, for different days. In terms of the hours of chosen 
thermostat setting, the maximum and minimum duration of chosen settings were 
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FIGURE 5.12 Clustering of households that use one or more thermostat settings and durations (with a pattern) 
in different days of March and April. The dots represent the chosen thermostat set point temperatures, the 
stripes are the intervals of set points chosen in morning, day, evening and night. 
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§  5.4.2.3 Different settings for different parts of the week 




and 19, day time set points between 12 and 20, evening time set points between 12 
and 19.5, and night time set points between 10 and 15 C degrees. Duration for the 
morning set point was between 1 hour and 6 hours, day set point was between 1 hour 
and 5.30 hours, evening set point was between 1 hour and 3.30 hours, and night set 





the morning, day, evening and night. 
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FIGURE 5.14 Clustering of households that use different intervals (with a pattern) for weekdays and weekends, 
through March and April. The stripes represent the intervals of set points chosen in the morning, day, evening 
and night.. 
§  5.4.3 Thermostat patterns in relation to household and 




















Name Behavioral pattern Behavioral profile
One-off - single temperature and duration 
per period during 2 months
- ‘one-off-cool’ and ‘one-off-warm’ 
groups based on temperature 
preference
- gadget lover
- thermostat controlled by higher educated males
-  high frequency of HEMS touch screen use (for part of 
the group lower frequency).
- no interest in energy saving 
Comforty - varied temperature and duration for 
different days
- no morning and evening duration 
pattern
- warmer temperature preference
- comfort lover
- owners
- bigger size dwellings
- higher income
- no interest in energy saving
Controller - varied temperature and duration for 
different days with a pattern
- cooler temperature preference
-  keeps control of the thermostat set point and 
duration
- has an energy saving agenda
-  families where the parents/couples take energy 
related decisions together
- part of the group includes the elderly
TABLE 5.2  Behavioral patterns and profiles of thermostat use explained
§  5.4.3.1 Behavior profile: ‘One-Off’









number of energy saving measures. This might mean that this group’s occupants mostly 
enjoyed following the temperature and the other features of the home energy management 
system as a gadget, but they were not necessarily interested in energy saving. 
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Part of the group had a high frequency of touch screen use of the home energy 
management system throughout the two months, while the frequency of use for part 
of the group reduced towards April. This might also be a sign that the group was not 
actually interested controlling their thermostat setting temperature and or their energy 
consumption, so as they started to get used to the device, they stopped using it. 
Van Dam (2013) explained two patterns that seem to explain further about this group: 
(1) Techies and (2) One-off’s. “Techies like products that look technical and checking 




more interested in the consumption of individual appliances. They utilize the HEMS as 
a very informative but short-term tool to discover where they can save energy and to be 
able to implement technical solutions or adapt their behavior based on that.”
§  5.4.3.2 Behavior profile: ‘Comforty’
This group were mostly owners, had bigger size dwellings, and higher income. Their 
‘not at home’ setting was the same as ‘free day,’ in contrast to the former group, 
who used the ‘continuous’ set point. This group used higher thermostat set point 




for being able to discover what the cause of their energy consumption was.”
§  5.4.3.3 Behavior profile ‘Controller’
This group was not found to be gadget-lovers, as in One-Off group, i.e. playing with a 
gadget for learning and interest in technology, but it was obsessed with keeping control 
of the thermostat set point and duration. In this group, the monitored day and night 
time thermostat settings were significantly correlated with the household having an 
energy saving target. Also, the households in this group set the thermostat when they 
arrived and left home. They also used the day/night tariff of the energy company. It 











temperatures were correlated with the household having an energy saving target. 
This meant that households that have an energy saving target are careful with their 
thermostat control behavior. Having an energy saving target was correlated with the 
household size (r=.59, p=<.05), with checking the current (r=.62, p=<.01) and past 
(r=.59, p=<.01) energy consumption levels of gas and electricity. The number of energy 










ingrained in their behavior.”
§  5.5 Discussion




more in detail in this paper. The research brought together the household and 
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dwelling characteristics, behavioral attitudes, and actual thermostat control behavior 





thermostat control systems. However, this research does not have a high capacity of 
representation, since the sample size is rather small. 
7 households with no pattern of thermostat control should be studied much more in 
detail to understand the particularities of their behavior and characteristics. In these 
houses, we found evidence that the thermostat might not have been controlled by just 
one person, which meant that there were more occupant characteristics that were not 
identified within the current method of data collection/analysis. The other possibility is 
that there might have been technical issues in monitoring, with calibration or recording 
the data.
The no-correlation between reported and monitored day time temperature might 
mean that people have reported the temperature as they remembered or felt at the 
time of the questionnaire, however the actual thermostat setting was a different one. 
This shows the importance of monitoring, i.e. longitudinal data collection in behavioral 
studies. The same argument could be asserted based on the frequency of touch-screen 
use, being much more intensive in March and less in April, a fact that was visible with 
monitoring, but wasn’t reported in the questionnaire. 
Occupants might have used ‘continuous’ ‘free day’ ‘not-at-home’ buttons 









energy conservation. Dwellings that are bigger in size, higher in income level of the 
households, and owner occupied demonstrate a more diverse and comfort oriented 
decisions of thermostat control behavior, which might be because of the households’ 
less interest in energy saving.
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In this research, we were not able to use the monitored energy consumption data, 
because it was not reliable. More measurements and analysis including energy 
consumption would provide better insights into the behavioral profiles and their 
relation to energy consumption.










energy consumption. In our research, even if the household characteristics were 
used to define different profiles, they didn’t appear as the only major elements that 
determine the variance among groups. For example, ‘one-off’s were composed of 










always prefer warmer temperatures. 
We used Van Dam’s analysis (2013) for one to one comparison, since she worked 













Our research could complement that of Van Dam’s, since we provided the preferred 
thermostat set temperatures and durations for the profiles. For instance, ‘comforty’ 
was the most comfort-preferring group compared to the other two, and chose the 
highest temperatures. Also, ‘one-off’s included two groups within, ‘warm’ and ‘cool’ 
group, based on the temperature preferences. This might also explain the behavioral 
pattern variation between one-off’s and techies in Van Dam’s grouping. The ‘controller’ 
group was the one that used the thermostat control the most, which complies with Van 
Dam’s findings of managers and thrifty spenders.
§  5.5.3 Methods and limitations
In the literature section, we quoted two methodologies on occupant behavior 
and energy consumption research (Bedir et. al., 2011; Vine et. al., 1989), where 
longitudinal and cross-sectional data collection and related methods for analyses were 









not have a representation capacity on the whole population, because of their small 
sample size. However, they provide deeper insight into behavior, and they create the 
possibility to validate/compare the results of other research. 
We used 45 households’ monitoring data over the sample size of 61. 8 households 
did not provide reliable data in March and April, and 8 cases for either March or April. 
Besides, 4 April and 12 April 2011 were the days that monitoring was problematic for 
all households. Another limitation was that the data was collected from the clients 
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of one energy company. Being the subscriber of this company might have brought in 
essential differences between this monitoring group and the rest of the households 
in the country, based on cognitive variables like attitudes, values, etc. In order to 
overcome the limitation of representation this might have created, participants for 
monitoring were selected under the condition of forming a distributed mix of the 
Dutch population in terms of age, gender and education. Additionally, they did not 
have specific affinity with energy consumption through their work. In addition, to 
decrease the impact of the limitations of the research on the quality of the outputs, 

















for monitoring, and the use of data are crucially important. 
§  5.6 Conclusion





the relationship between occupant behavior and energy consumption. 
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We found that most households used HEMS mainly to control their thermostat 
settings. Also, most occupants changed their thermostat setting as part of their main 
daily activities, when they came home, when they got up in the morning, before going 
to bed, when they left home, etc. It is also worthy to note that we identified the patterns 
and profiles of behavior, but this did not mean that these were perfectly homogenous. 
There were always cross-overs between groups. Gadget obsession, care for comfort, and 
care for control were the main visible characteristics of the three different profiles.
4 occupant groups were identified, where the group of ‘no pattern’ required detailed 
investigation of the behaviors, household and dwelling characteristics to understand 
the context to the behavior. The other three were (1) ‘one-off’ households with a 




owners with high income, who had bigger size dwellings, not interested in energy 
saving and preferred higher temperatures; and (3) ‘controller’ households with single 
or double set point temperatures and intervals with low temperature preferences in 
different days of the week, as well as during March and April, composed of households 
with energy saving in agenda, who are mostly families, and sometimes the elderly, 
where the parents/couples took energy related decisions together.
In this study, we covered 2 months of data collection on thermostat use, however 
the period of data collection were March and April, where the weather conditions 
were not extreme in terms of temperature. It would be important to repeat/continue 
monitoring the same sample during Summer and/or Winter. In addition, any research 
on occupant behavior is inevitably time-bound. Hence, it would be interesting to re-
visit the households to see the change in behaviors in the long run. Behavioral patterns 
regarding thermostat control and energy use could change in the long run. Lastly, 
this research does not have a representation capacity on its own, because of its small 
sample size. However, it provides deeper insight into behavior, and creates possibilities 












possibility that more than one person might be managing thermostat, HEMS could 
be designed flexible enough to suit various possible activities/conditions at home. 
In this respect, this research could be furthered in a way that the field work includes 
all individuals that possibly use the HEMS. The technical issues in measuring and 
monitoring, as well as calibrating data remain as obstacles to deal with. It is important 
to emphasize that more consideration should be given to occupant behavior, for a more 
efficient user–machine interaction, and energy preservation. 
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